The effect of propolis extract as a corrosion inhibitor of copper alloy in ethylene glycol / water 0.1 M NaCl solution was studied by electrochemical measurements. The Tafel polarization curves showed that the propolis extract at different concentration acts as mixed inhibitor, and the maximum value of the inhibitory efficacy is 73.28% at optimum concentration of 1.25 g/L of propolis extract. The activation parameters reveal that the inhibitor molecules on copper surface are absorbed by physisorption and obey Langmuir isotherm adsorption. These results were supplemented by IR Spectroscopy, Scanning electron microscopy (SEM) and EDX spectrum of chemical composition. The metal solution interface is simulated as a physical model by using Electrochemical Impedance Spectroscopy (EIS).
INTRODUCTION
Water and ethylene glycol-water solutions are fluids commonly used in cooling systems.
Although the fluids are the essential component of heat transfer applications, they can also cause corrosion within the systems. Studies show that uninhibited ethylene glycol degrades in five organic components (glycolic, glyoxylic, formic, carbonic acid and oxalic acid) in the presence of heat, oxygen and metals that are commonly found in cooling systems, such as copper and aluminum [1] [2] [3] [4] [5] [6] . When copper is corroded, it is often degraded by general corrosion. General corrosion will often attack the copper exposed to oxygen or fluids with high sulfur content or salts dissolved in the fluid, such as chloride ions.
The corrosion of copper can be inhibited by a wide range of substances which may be synthetic or natural inhibitors, such as the biomaterials [1, 4, 5] , Synthetic compounds containing multiple bonds and hetero atoms which are effective inhibitors, but at the same time the processing time, cost and their toxic nature have compelled the researchers to look for eco-friendly, nontoxic and low cost inhibitors for the corrosion protection of metals. Many corrosion prevention works have been carried out using extracts of various plants as corrosion inhibitors [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . The use of plants extracts has been found to be viable alternative. The bioactive compounds in the plant extract are as effective as synthetic inhibitors [20] [21] [22] [23] [24] . These bioactive compounds act as inhibitors in ethylene glycol / water 0,1M NaCl. They also interact with metals and affect the corrosion reaction in a number of ways, some of which may occur simultaneously. Propolis is a resinous substance prepared by honeybees from buds, leaves and exudates of trees and plants mixed with pollen, wax and enzymes secreted from the bees [5, 21] . Some important characteristics have been reported concerning this substance, such as antimicrobial and antioxidant effects, anesthetic properties and others, it found that the propolis extracts represent an important functional product, rich in flavonoids and polyphones [8] [9] [10] [11] [12] . The used raw propolis have been obtained in harvest month of April from the region of Bordj El -Menaiel in septembre 2014, copper alloy behavior in ethylene glycol (30%)-water(70%) solution 0,1M NaCl with and without propolis extract as corrosion inhibitors motivate our research. The purpose of the present work is to examine the inhibition effect of propolis extract on copper corrosion in ethylene glycol (30%)/ water (70%) solution 0,1M NaCl. The inhibitory efficiency of this alloy immersed in this solution will be evaluated using various electrochemical techniques namely, the potentiodynamic polarisation curves and electrochemical impedance spectroscopy (EIS). These results were supplemented by IR Spectroscopy, Scanning electron microscopy (SEM) coupled with EDX.
MATERIALS AND METHODS

Materials: A copper alloy of Rectangular dimension 1cm
2 is used as a sample electrode.
The chemical compositions of the alloy used are shown below in Table1 determined by spectrometry kind "SPECTROLAB". The cutting process was chosen as it does not alter the microstructure and corrosion test at the coupon surface due to its low heat input and the absence of mechanical damage by avoiding the thermically affected zones. Pre-treatment of copper sample surfaces was carried out by grinding with emery paper of 600-1200 grit, rinsing with bidistilled water, and ultrasonic degreasing in acetone and dried at room temperature .
Solution preparation
Sample of propolis extract has been obtained in harvest month of April from the region of Bordj El Menaiel in Algeria. The extract was prepared by dissolving 5g of propolis in 100 ml of ethylene glycol. This extract was used to study the corrosion inhibition in ethylene glycol (30%) / water (70%) 0.1M NaCl. The solution tests are freshly prepared before each experiment. Experiments were carried out in triplicate to ensure the reproducibility.
Electrochemical tests
The electrochemical study was carried out using a potentiostat Autolab brand piloted by Nova Experiments are repeated three times to ensure the reproducibility. The corrosion inhibition efficiency (E) by potentiodynamic polarization was calculated from the value of icorr by using the formula (1) [24] [25] [26] . The inhibition efficiency by electrochemical impedance was calculated using the equation [25] .
0 p R and p R are the polarization resistance in the absence and presence of the inhibitor, respectively.
Temperature studies
The Tafel polarization curves and the electrochemical impedance spectroscopy (EIS) measurements analysis were performed at different temperatures of 298,313,353, K, using a thermostat to study the inhibition efficiency of the extract. This provided details on the nature of the adsorption and activation energies. The activation energy (Ea) of the inhibitor was calculated by a graphical method, plotting log(C) versus1000/T (K −1 ) for the temperatures of 298,313,353, K in ethylene glycol (30% ) / water (70%) 0,1 M Na Cl, both with and without the inhibitor. At all extract concentrations Ea was calculated using the formula:
where  is the surface coverage of the inhibitor, C is the concentration of the inhibitor in g/l,
K is the equilibrium constant, and T is the temperature.
Technical analysis
The copper specimen was characterized with the aid of FEI Quanta 650 FEG scanning electron 
E (V/ ECS)
This figure shows that the corrosion potential remains nearly constant; it also shows the The analysis of these values shows an increase in the inhibitory efficacy in a very remarkable manner. The increase of 39,87% shifts to a maximum value of 73, 283% at a concentration of 1,25 g /L extract. This increase can be explained by a phenomenon of absorption of molecules in the propolis extract on the copper alloy surface, which reduces the corrosive activity. The plot of the efficiency (E) depending on the concentration and the trace C /  depending on the concentration of the extract will allow us to approach absorption model product at the metal / solution interface. The inhibitory action phenomenon of propolis extract is based on a mechanism of action by simple adsorption to the metal surface, thus blocking the active sites and thus reducing the corrosion current density.
Electrochemical impedance spectroscopy
Figure . The Nyquist plot has the shape of a quarter of a lemniscates which is a phenomenon of diffusion justified by the straight line of Warburg at high frequencies and the appearance of a constant phase element at bases frequency related to the capacity of the double layer.
The equivalent circuit reactions ox / red produced at the metal interface solution is shown in Inspection of data in table 1 shows a decrease of (CPE) with increasing extract concentration.
This decrease may be attributed to the formation of a protective layer on the electrode surface; and the increase in the transfer resistance charge can be justified by the blocking of corrosive sites by the propolis extract. The value of 'n' which is not equal to 1 is due to the surface heterogeneity.
Effect of temperature
Potentiodynamic curves have been carried out at different temperatures (298, 313,353 K).
The electrochemical parameters obtained for polarization curves for each concentration to different temperatures are grouped in the following table: Inspection of the results of this table allowed us to observe that, for each concentration is an increase in corrosion rates with the increase in temperature; followed by a remarkable increase in the recovery rate of surface Hoar and Holiday [28] attributed to the increase of the inhibitory efficacy to high temperatures, to a high activation energy during adsorption and high diffusion rate of inhibitory molecules. Singh et al [29] have justified the increasing of the inhibitory efficacy with increasing temperature by the appearance of some chemical changes in the inhibitory molecule which causes an increase in the levels of electronic densities center adsorption of the molecule, and therefore an increase of recovery rate of the surface. Tatati and
Gandhi [30] attributed the increase in efficiency to the temperature increase of the area of the metal surface covered by the inhibitor molecules. Fig .6 shows the effect of temperature on the corrosion current density for each concentration of inhibitor. The dependence of corrosion current densities at temperature can be expressed by Arrhenius equation and transition state equation [26, 30] :
where corr i is the density corrosion current (A.cm -2 ); K a constant (pre-exponential factor), Ea, the activation energy (kJ mol -1 ); R is the gas constant (J.mol -1 .K -1 ) and T the temperature
The relationship between ln (j / T) and 1/T is shown in fig.6 The adsorption behavior of inhibitor molecule on metal surface can be assessed by several adsorption isotherms, among which the most commonly used ones, including Temkin isotherm, Langmuir isotherm, and Frumkin isotherm. In order to obtain the isotherm, the surface coverage degree (), which serves as a function of inhibitor concentration, was calculated by corrosion current density values in an attempt to explain the best isotherm. it is The the adsorption corresponds to the chemisorption [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
In order to explain the corrosion inhibition of copper alloy using thermodynamic model, heat of adsorption and entropy of adsorption were determined by the relationship between G ads and temperature: 
Inhibitor analysis
The FT -IR spectrum of the solution ethylene glycol -water (30%/ 70%) 0.1 M NaCl containing 1.25 g/L propolis extract after and before the immersion the copper alloy surface for 24 h was analyzed. 
CONCLUSION
The study of propolis extract as a corrosion inhibitor on the copper alloy in ethylene glycol / water (30/70%) NaCl 0.1 M has allowed us to achieve the following conclusion;
1) The maximum inhibitory efficacy determined by potentiodynamic method is 73.38% and 55.55% determined by the impedance technique for concentrating the extract 1.25g / l.
2) The plot C / θ depending on the concentration of the extract is a straight line of positive slope indicating that the adsorption of this extract obeyed to the Langmuir isotherm.
3) The study of the effect of temperature at different concentrations of the extract of 0.25 to 1.25 g/L shows that the molecules of the sample are adsorbed on the alloy surface by electrostatic force low corresponds to physisorption and chimisorption .
3) The effect of duration of treatment shows the increase of the capacitive loop which is a semicircle for a period of immersion of 2, 4 and 6 hours and then decrease one of these for a period of immersion of 24 hours.
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